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Abstract 
Ursolic acid (UA, 3 β-hydroxy-urs-12-en-28-oic acid) are isomeric triterpenic 
acids. The high quantities of pentacyclic triterpenoids in Scabiosa species 
seems to be obvious and there is an evidence that most of pentacyclic 
triterpenoids that have been isolated are saponins. This is one of the most 
important characteristic of the genus Scabiosa, the main aglycones are ur-
solic acid and oleanolic acid. In the current study, isolation from the aerial 
part and roots of Scabiosa palaestina L. was performed using Preparative 
HPLC. Furthermore, detection and quantitation of ursolic acid was per-
formed by high performance thin layer chromatography (HPTLC). The iden-
tification of isolated triterpenoid involves two methods including FT-IR cou-
pled with LC-MS/MS that have been used for the simultaneous determina-
tion of the isolated UA. Quantitative analysis of Ursolic acid content in chlo-
roform fractions revealed that both of the aerial parts and roots contain 
comparable concentration of 0.052 and 0.054 mg/ml respectively. The FT-IR 
and LC-MS/MS spectra of the isolated compound shows good agreement 
with those reported in literatures of Ursolic acid. Quantitative concentration 
of UA in chloroform fraction revealed that aerial parts and roots contain 
comparable concentrations and the spectral data for the isolated unknown 
were in good agreement with those reported in literature of UA.   
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Introduction 
Genus Scabiosa L. (Family: Caprifoliaceae) consists of 618 species (1). The 
major species of S. are widely spread in the Mediterranean area and some 
species were traditionally used as a medication in many countries. abun-
dance of secondary metabolites in Scabiosa species such as flavonoids, iri-
doids and pentacyclic triterpenoids may contribute to their use in folkloric 
medicine (2).  S. palaestina produces pentacyclic triterpenoids like ursolic 
acid  figure 1 and oleanolic acid, terpenoids are considered as one of the 
important and diverse metabolites, which have significant pharmacological 
and medicinal activities (3) in addition to their role in the pharmaceutical 
industries for different purposes (4). From the medicinal perspective, 
triterpenoids can be preferred due to their anti-inflammatory (5) and anti-
cancer activities (6,7). High quantities of pentacyclic triterpenoids in Scabi-
osa species seems to be obvious and there is an evidence that most of the 
isolated pentacyclic triterpenoids may occur as an aglycone or free acid of 
saponins (8). 
 Many researches have been performed currently to study the phar-
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macological value of UA (9). Results shows UA considered 
as a promising candidate for the development of new 
medications for management of tumors. In addition, many 
publications curried out in the last years deal with the usu-
al activities of UA including antitumor (9, 10), antidiabetic 
(11), anti-malarial (12) and anti-atherosclerosis (13) and/or 
the less common activities like its therapeutic effect on 
wound by acceleration of healing and regeneration of skin 
(14) and the inhibition of matrix metalloproteinase-3 (MMP
-3).  
 Due to its low toxicity, anticancer activities, and 
commercial availability with various structural modifica-
tions, UA is regarded as a pillar through organic semi-
synthesis, and this has attracted more to studying its con-
tent in S. palaestina. The aim of our study was to develop a 
preparative HPLC method for fast screening, isolation and 
identification of the biologically active pentacyclic 
triterpenic acid (Ursolic acid) in addition to the quantita-
tive analysis using HPTLC technique in the aerial parts and 
roots, keeping in mind that other triterpenoids and phy-
tosterols could act as possible interfering compounds.  
 
Materials and Methods 
Plant materials 
 Whole plant of S palaestina, which grows as a wild plant in 
Iraq, were collected during April - May from the north of 
Kirkuk province and authenticated by the department of 
Biology, College of Science/Baghdad university. The roots 
have been separated from aerial parts and both of them 
were left to dry in shade then grinded using an electric 
blender, weighted and subsequently subjected to extrac-
tion procedures. 
Extraction and fractionation   
Approximately 250 g of aerial parts and roots were subject-
ed for extraction separately using Soxhlet apparatus. each 
part of S palaestina were extracted using 85% methanol 
and the crude extracts were filtered, concentrated under 
reduced pressure.  
 Fractionation was done by suspension of the crude 
extract of aerial parts and roots separately in distilled wa-
ter. Then well partitioned using petroleum ether (B.P, 60-
80 oC) and chloroform using 250 - 500 ml of solvents, the 
process was repeated three times for each solvent. Later 
on, chloroform fractions of both plant part were dried us-
ing anhydrous sodium sulphate as adsorbent, filtered, 
evaporated until dryness using rotary evaporator under 
reduced pressure, weighted and assigned for the isolation 
of UA. 
Detection and quantification of UA by High Performance 
Thin Layer Chromatography (HPTLC)   
The presence of UA in chloroform fraction of two plant 
parts (Aerial parts and roots) that obtained by Soxhlet ex-
traction method was detected by HPTLC analysis using n-
hexan:ethyl acetate (5:1 v/v) as a mobile phase. Qualitative 
identification was made by comparison of the maximum 
retardation factor (Rf) and UV spectrum of Ursolic acid in 
chloroform fraction of each part of S. palaestina with its 
corresponding standard. 
 After developing and drying, post-chromatographic 
derivatization of the plates was performed by spraying the 
plates by anisaldehyde detection reagent. Then, the plates 
were heated on a TLC Plate Heater for 2 min at 110 °C. Doc-
umentation of the chromatographic plates was done by 
visual evaluation at 366 nm (15).  
Isolation of UA from chloroform fraction of Iraqi Scabiosa 
palaestina   
Half g of Chloroform fraction obtained from the aerial 
parts of Iraqi S. palaestina was dissolved in a minimum 
quantity of chloroform and injected into preparative HPLC 
with injection volume of 1 ml. Isocratic mobile phase of 
acetonitrile: methanol (80:20 v/v) with an elution volume 
of 5 ml/min was selected for identification of UA.  The col-
umn used C18 (250X10) 5 µm particles size. was main-
tained at 35°C (± 0.1°C). And the flow rate: 5 ml / min, UV 
detection was conducted at λ 210 nm. 
Characterization of isolated UA by FT-IR and LC-MS/MS 
LC-MS/MS was carried out in Iraqi National Center for Drug 
Control and Research (LCMS-8040 series system) Shimad-
zu, Japan The LC/MS was controlled by chemstation soft-
ware and equipped with a degasser, binary gradient pump, 
column thermostat, autosampler, diode array detector 
(DAD). The liquid chromatography system was coupled 
with mass spectrometer (LC/MS). For the separation, re-
vers phase analytical column was employed, C18, length 
15 cm, pore size 3.5 µm, inner diameter (id) 4.6 µm and 
temperature adjusted at 48oC. The mobile phase was 
freshly prepared that consist of acetonitrile/20 mM ammo-
nium acetate containing 0.1% formic acid (95/5, v/v), the 
injection volume was 10 µl, filtered by 0.45 µm membrane 
filter (Millipore) and sonicated before usage. Electrospray 
ionization (ESI) was performed negative ion mode from m/
z 100e1000, with full and product ion scans and selected 
ion monitoring.  
 The FT-IR spectroscopy is a technique deals with 
the interaction between a molecule and radiation in the IR 
region of the spectrum (IR region = 4000 - 400 cm -1). It was 
performed in Baghdad national center for drugs control 
and research, were FT-IR spectroscopy for each isolated 
constituent was recorded by using Bruker instrument and 
Fig. 1. Ursolic acid chemical structure. 
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the structural assignments had been correlated for charac-
teristic bands as mentioned in results. 
 
Results and Discussion 
Qualitative and quantitative analysis of UA by HPTLC   
HPTLC is one of the most advanced forms of TLC, efficient 
for qualitative and quantitative analysis. Automated appli-
cation of sample prevents the difference in droplet size that 
may occur when the sample is applied manually and more 
precise qualitative and quantitative measurements are ac-
quired by automation in different steps increasing the reso-
lution achieved (16). The comparison between the aerial 
parts and roots of Iraqi S. palaestina that extracted by con-
ventional soxhlet method based on various parameters, 
like extraction percentage yield obtained and the percent-
age of bioactive constituents that had been detected by 
HPTLC analysis of extract fractions for each part, Fig. 2.  
 HPTLC qualitative and quantitative analysis were 
applied after extraction to identify and quantify the major 
proposed percentage of UA in the aerial parts and roots. 
The presence of compound in chloroform fraction of two 
plant parts that obtained by Soxhlet extraction method was 
detected and qualitative identification was made by com-
paring the maximum retardation factor (Rf) and UV spec-
trum in chloroform fraction for each part of plant with its 
corresponding reference standard. 
 Quantification measurements of UA using the cali-
bration curve that plotted using area under the curve (AUC) 
versus five concentration levels of reference standard. A 
straight-line equation was obtained from which the con-
centration of the UA was calculated in each part of S. pa-
laestina plant as shown in  Fig. 3.  
 uantitative concentration of Ursolic acid in chloro-
form fraction revealed that aerial parts and roots contain 
comparable concentrations of 0.052 and 0.054 mg/ml re-
spectively, as shown in Table 1. The synthesis and collec-
tion of secondary metabolites are very complex and affect-
ed by numerous factors including internal factors like de-
velopmental genetic circuits (enzymes and regulated gene) 
and by external environment factors (temperature, light, 
water, salinity, etc.). Currently, a lot of literatures concen-
trated on the effect of environmental factors on the synthe-
sis and accumulation of secondary metabolites of medici-
nal plants, the effect of the developmental growth and ge-
netic factors on the synthesis and accumulation of second-
ary metabolites still lack systematic classification (17). UA 
composed of a C-30 chemical structure built from isopre-
noid subunits with A, B, C, D and E rings, may occur as an 
aglycone or free acid of saponins. The biosynthesis path-
way includes folding and cycling squalene from a damma-
renyl cation. So, The biosynthesis of Ursolic acid found in 
plant cells originates from the cyclical (3S) oxidosqualene 
cycling (18). 
Isolation of UA by PHPLC   
Preparative HPLC is used for the isolation and purification 
of valuable products in the chemical and pharmaceutical 
industry as well as in biotechnology and biochemistry. De-
pending on the working area the amount of compound to 
isolate or purify differs dramatically. It starts in the µg range 
for isolation of enzymes in biotechnology. At this scale we 
talk about micro purification. For identification and struc-
ture elucidation of unknown compounds in synthesis or 
natural product chemistry it is necessary to obtain pure 
compounds in amounts ranging from one to a few mg. 
HPLC chromatogram of chloroform fractions of the aerial 
parts and roots gave eleven peaks each one represents a 
different compound. One of them have similar retention 
time and UV absorbance, as that of the reference standard 
UA (8.8 min). The matched compound was collected by 
fractions collector after monitoring it according to the time 
(time from the beginning of each peak appearance until 
disappearance of peak) and labeled as (UA), as shown in 
Fig. 4. 
Characterization of isolated UA    
For structural scan, Full scan product ion liquid chromatog-
raphy coupled with negative ES ionization spectra was car-
ried out for further characterization of the isolated UA. The 
effluent from the LC column was directed into the ESI 
probe. Mass spectrometer conditions were optimized to 
obtain maximal sensitivity. The ESI was performed in the 
negative mode, the selection of operating protonated ions 
is shown in Fig. 5.  The scan mode was MRM using the pre-
cursor ions at m/z [M-1]- (m/z 455) had retention time 9.1 
and 9.13 min for the isolated compound and reference 
Fig. 2. HPTLC plate of chloroform fraction of aerial parts (FS2) and roots (FR2) 
of Iraqi Scabiosa palastina L. after derivatization with anisaldehyde spraying 
reagent at 366 nm . 
Fig. 3. Calibration curve of UA on High performance thin layer chromatog-
raphy HPTLC. 
 
 Part of plant  Concentration mg/ml of Ursolic acid 
Aerial parts 0.052 
Roots 0.054 
Table 1. Quantitative analysis of UA in chloroform fraction of each part of 
Scabiosa palastina L. by HPTLC  
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standard respectively. These LC/MSMS data were in good 
agreement with those reported in literatures of UA (19). 
 Infrared spectroscopy is usually employed to deter-
mine the chemical structure of molecules by detecting the 
vibration of functional groups in the structure of the ana-
lyzed compound and is useful for detecting the occurrence 
of intermolecular interactions, which cause changes in the 
peak positions in the spectrum. FTIR spectra provided in 
Fig. 5 show a broadened ursolic acid carbonyl peak at 
around 1689.92 cm-1. OH group spectra of isolated UA ap-
pears in the area of 3420.15 cm-1. A very intensive absorp-
tion band in the area of 2924.13 cm-1 derives from symmet-
ric vibrations of CH2 cm-1 group. At 1453 cm-1 appears ab-
sorption band from OH vibrations of planar distortion. In 
the area of 1375.94 cm-1 appears a characteristic ribbon, 
which derives from CH3 group and at 1049.5 cm-1 stretching 
vibrations of C-O group of secondary alcohol (20). the char-
acteristic IR absorption bands of the isolated compound 




The presence and composition of triterpenoids in the roots 
and aerial parts of Iraqi S. palaestina was determined in this 
study using different techniques. It was revealed that high 
concentrations of methanol 85% extracted from plants con-
siderable amount of triterpenoids which have been concen-
trated in chloroform fraction of plant extract. Quantitative 
concentration of UA in chloroform fraction revealed that 
aerial parts and roots contain comparable concentrations 
of isolated UA. In addition, LC/MSMS and FT-IR data for the 
isolated unknown were in good agreement with those re-
ported in literatures of UA   
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